Preface
The field of nonlinear optics has developed rapidly since the invention of the first laser exactly 50 years ago. Many interesting scientific discoveries and technical applications have been made with nonlinear optical effects in all kinds of nonlinear materials. There are already several excellent general textbooks covering various aspects of nonlinear optics, including Nonlinear Optics by Robert W. Boyd, Nonlinear Optics by Yuen-Ron Shen, Quantum Electronics by Amnon Yariv, Nonlinear Fiber Optics by Govind P. Agrawal, etc. These textbooks have provided solid foundations for readers to understand various (secondand third-order) nonlinear optical processes in atomic gas and solid media. The earlier monograph by the authors, Multi-wave Mixing Processes, published last year, has presented experimental and theoretical studies of several topics related to multi-wave mixing processes (MWM) previously done in the authors' group. The topics covered in that monograph include ultrafast polarization beats of four-wave mixing (FWM) processes; heterodyne detections of FWM, six-wave mixing (SWM), and eight-wave mixing (EWM) processes; Raman and Rayleigh enhanced polarization beats; coexistence and interactions of MWM processes via electromagnetically induced transparency (EIT). The monograph shows the effects of high-order correlation functions of different noisy fields on the femto-and atto-second polarization beats, and heterodyne/homodyne detections of ultrafast third-order polarization beats. It has also shown the coexistence of FWM and SWM processes in several multi-level EIT systems, as well as interactions between these two different orders of nonlinearities.
This new monograph builds on and extends the previous works, and presents additional and new works done in recent years in the authors' group. Many newly obtained results, extended detail calculations, and more discussions are provided, which can help readers to better understand these interesting nonlinear optical phenomena. Other than showing more results on controls and interactions between MWM processes in hot atomic media, several novel types of spatial solitons in FWM signals are presented and discussed, which are new phenomena in multi-level atomic systems. Chapter 1 reviews some basic concepts to be used in later chapters, such as the nonlinear susceptibility, coherence functions and doubledressing schemes. Chapter 2 extends the previous results on polarization beats to include both differencefrequency femtosecond and sum-frequency attosecond beats in the multi-level media depending on the specially arranged relative time delays in the multicolored laser beams. Chapter 3 gives results on Raman, Raman-Rayleigh, Rayleigh-Brillouin, and coexisting Raman-Rayleigh-Brillouin-enhanced polarization beats. Chapter 4 presents multi-dressing FWM processes in confined and non-confined atomic systems with specially-designed spatial patterns and phase-matching conditions for laser beams. Chapter 5 shows enhancement and suppression in FWM processes in multi-level atomic media, generated FWM signals can be selectively enhanced and suppressed via an EIT window. The evolution of dressed effects can be from pure enhancement into pure suppression in degenerate-FWM processes. Chapter 6 demonstrates the modification and control of MWM processes by manipulating the darkstate or EIT windows with polarization states of laser beams via multiple Zeeman sublevels. Chapter 7 shows spatial dispersion properties of the probe and generated FWM beams which can lead to spatial shift and splitting of these weak laser beams. Chapter 8 presents the observations of several novel types of solitons, such as gap, dipole, and vortex solitons, for generated FWM beams in different experimental parametric regions.
Authors believe that this monograph treats some special topics of coherent controls of FWM and MWM and can be useful to researchers interested in related nonlinear MWM processes. Several features presented here are distinctly different and advantageous over previously reported works. For example, authors have shown evolutions of enhancement and suppression of FWM signals due to various dressing schemes by scanning the dressing field detuning. Also theoretical calculations are in good agreement with experimentally measured results in demonstrating enhancement and suppression of MWM processes. Efficient spatial-temporal interference between FWM and SWM signals generated in a four-level atomic system has been carefully investigated, which exhibits controllable interactions between two different (third-and fifth-) order nonlinear optical processes. Such controllable high-order nonlinear optical processes can be used for designing new schemes for all-optical communication and quantum information processing. Authors also experimentally demonstrate that by arranging the strong pump and coupling laser beams in specially-designed spatial configurations (to satisfy phase-matching conditions for efficient FWM processes), generated FWM signals can be spatially shifted and split easily by the cross-phase modulation (XPM) in the Kerr nonlinear medium. Moreover, when the spatial diffraction is balanced by XPM, spatial beam profiles of FWM signals can become stable to form spatial optical solitons. For different input orientations and experimental parameters (such as laser powers, frequency detunings, and temperature), novel gap, vortex, and dipole solitons have been shown to exist in the multi-level atomic systems in vapour cell. These studies have opened the door for achieving rapid responding all-optical controlled spatial switch, routing, and soliton communications.
This monograph serves as a reference book intended for scientists, researchers, advanced undergraduate and graduate students in nonlinear op-tics.
We take this opportunity to thank many researchers and collaborators who have worked on the research projects as described in this book.
Yanpeng Zhang
Zhiqiang Nie Min Xiao October 2010 
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